Immediately following fluid-percussion (F-P) brain injury, the hippocampus exhibits a marked increase in its local CMR g lc (LCMR g l c ; ILmol/lOO g/min) as deter mined using [14C]2-deoxY-D-glucose autoradiography. This injury-induced increase in metabolism is followed in 6 h by a subsequent decrease in LCMR g lc' These two
postinjury metabolic states may be the result of ionic dis ruptions following trauma via stimulation of glutamate gated ion channels. To determine if endogenous gluta mate innervation to the CAl region of the hippocampus can provide an anatomical basis for this proposed mech anism, it was removed by kainic-acid-induced destruc tion of CA3, and the effect on CAl metabolism following concussive injury was studied. Five days before a lateral F-P injury (3.5-4.5 atm), kainic acid (0.5 ILg) or vehicle was stereotaxically injected into the left ventricle of 65 rats. Histological inspection indicated that kainic acid produced severe cell loss primarily in the CA3 region of the hippocampus ipsilateral to the injection. The meta bolic results indicated that immediately following injury, animals with an intact hippocampus exhibited an increase Following cerebral concussion in the rat, as pro duced using fluid-percussion (F-P) , the cerebral cortex and hippocampus exhibit pronounced changes in glucose metabolism. During the acute period, these regions exhibit a marked increase in this metabolism as determined by e 4 C]2-deoxY-D-in LCMR g lc to 84.6 ± 5 within the CAl region, represent ing a 81.5% increase over controls. However, in the CA3lesioned animals, CAl showed no evidence of an injury induced hypermetabolism, with LCMR g lc remaining at control levels (51.4 ± 3.9). At 6 h postinjury, the intact hippocampus exhibited a reduction of LCMR g Jc to rates of 40.7 ± 4.7 within the CAl region, representing a 17.9% reduction compared with controls. In contrast, CA3lesioned animals exhibited less of an injury-induced de crease in LCMR g lc within the CAl region, exhibiting a mean rate of 43.4 ± 4.5, representing only a 12.5% re duction compared with controls. These results indicate that the removal of the CA3 projection to CAl protects the CAl cells from the metabolic dysfunction typically seen following injury. This supports our previous work indicating the important role glutamate plays in the ionic flux and subsequent metabolic changes that follow trau matic brain injury. Key Words: Cerebral concussion-2-DeoxY-D-glucose autoradiography-Excitatory amino ac ids-Glucose metabolism-Glutamate-Hippocampus. glucose (2DG) autoradiography Kawamata et aI., 1992) . However, beginning as early as 6 h postinjury, the hypermetabolic state is replaced by a prolonged period of metabolic de pression, which spontaneously recovers over the course of several days (Hovda et al., 1991 b; Yoshino et aI., 1991) . This indicates that, although not mechanically damaged, cells alter their meta bolic processes presumably due to the ionic fluxes typically seen following traumatic brain injury (Katayama et al., 1990; Hovda et al., 1992) .
Immediately following cerebral concussion there is a marked increase of extracellular potassium ([K + ]e) (Takahashi et al., 1981; Katayama et al., 1990 ), a decrease in magnesium Vink et al., 1988) , as well as an accumulation of calcium (Ca 2 + ) (Cortez et al., 1989; Thomas et aI. , 1990) . Of the mechanisms proposed for this in jury-induced ionic shift, neural firing and excitatory amino acid (EAA) stimulation of ligand-gated ion channels appear to be the most plausible (Katayama et aI. , 1990) . With regard to the more chronic period of metabolic depression beginning as early as 6 h following F-P injury (Hovda et aI. , 1991b; Yoshino et aI. , 1991) , little is known about its underlying mechanism. However, this trauma-induced meta bolic diaschisis is a common phenomenon (Pappius, 1982 (Pappius, , 1988 Pappius and Wolfe, 1983; Kushner et aI. , 1984; Feeney et aI. , 1985; Colle et aI. , 1986; Shiraishi et aI. , 1989) , with some investigators pro posing that it may be due to a prolonged disruption of modulatory neurotransmitters (Feeney and Sut ton, 1988; Pappius, 1991) . Given that the injury induced release of EAAs appears to contribute to the metabolic dysfunction occurring during the acute period, perhaps protecting the brain from the EAA-induced ionic cascade would also spare cells from the more chronic metabolic depres sion. To our knowledge, this has yet to be investi gated.
EAAs have been proposed to contribute to the injury-induced pathophysiological events following central nervous system trauma Katayama et aI. , 1990; McIntosh et aI. , 1990; Miller et aI. , 1990; Nilsson et aI. , 1990) . In a F-P model of traumatic brain injury, the postsynaptic EAA blockade prior to trauma significantly reduces the increase of [K + ]e (Katayama et aI. , 1990) , helps sustain normal levels of magnesium , as well as attenuates the acute hypermeta bolic response in the cerebral cortex (Kawamata et aI., 1992) . It is postulated that the source of the EAAs following traumatic brain injury is endoge nous; however, other sources of EAAs cannot be ruled out. For example, some investigators have proposed that a significant source of EAAs may come from blood due to an injury-induced break down of the blood-brain barrier (BBB) . Consequently, the EAA postsyn aptic receptors would be stimulated regardless of the effect of trauma on the firing of neurons.
The hippocampus provides the means with which to begin to address this question of the role played by the injury-induced synaptic release of EAAs. The hippocampal CAl pyramidal cells receive their EAA input primarily to the striatum radiatum via Schaeffer collaterals and commissural fibers from CA3 pyramidal cells (Nadler et aI. , 1976) . There fore, the removal of these CA3 cells Vlould mark edly deprive the CAl region of its synaptic EAA input and could provide protection to these cells after injury.
MATERIALS AND METHODS

Subjects
Male Sprague-Dawley rats (200-340 g) were used to study both the increase in glucose metabolism seen im mediately (Group I) and the subsequent decrease in me tabolism seen 6 h (Group II) following F-P injury. Each group was further subdivided into four experimental groups. Experimental Group A received an intraventric ular injection of vehicle, followed by a sham F-P injury. Group B received an intraventricular injection of kainic acid, thereby destroying the CA3 region of the hippocam pus, followed by a sham F-P injury. Group C was treated the same as Group A but these animals received a F-P injury. Finally, Group D was treated the same as Group C except that these animals received an intraventricular in jection of kainic acid. Subjects were randomly assigned to each experimental group, comprising the following num bers of animals: Group lA, n = 6; Group IB, n = 6; Group IC, n = 7; Group ID, n = 6; Group IIA, n = 6; Group lIB, n = 5; Group IIC, n = 8; Group lID, n = 8.
Removal of CA3 projection to CAl
Five days prior to F-P injury, rats were anesthetized with pentobarbital (50 mg/kg i.p.) and a Hamilton needle was positioned stereotaxically into the left ventricle (0.8 mm posterior to bregma, lateral 1.5 mm and 3.5 mm be low the dura) using the coordinates of Benveniste et al. (1989) . Kainic acid (0.5 f-lg in 1 f-ll of phosphate buffer, rate = 0. 1 f-lllmin, postinjection equilibration time = 2 min) (Nadler et aI., 1976; Onodera et aI., 1986) or buffer was injected into the left ventricle. Upon completion of the study, cell damage was confirmed using thionine-and hematoxylin-eosin-stained sections.
Surgical procedures
Rats were placed under general anesthesia [33% oxy gen, 66% nitrous oxide, and enflurane (1.5-2.0 mllmin)] and positioned in a stereotaxic frame; the scalp was sagi tally incised. The rectal temperature was kept between 37.0 and 38.0°C with a thermostatically controlled heating pad, and all surgical wounds were infiltrated with local anesthesia (l % xylocaine). For administration of the F-P injury, a craniotomy was made, and a rigid plastic hollow screw (OD 6.5 mm; ID 4.5 mm) was secured over the exposed dura by means of cyanoacrylate and dental acrylic. The injury screw was positioned 1.0 mm poste rior to bregma and 6.0 mm lateral (left) of the midline. Following the F-P injury (3.7-4.5 atm; 21-to 23-ms dura tion) (Dixon et aI., 1987; McIntosh et aI., 1989) , all ani mals were monitored for length of apnea and length of unconsciousness (retraction to toe pinch).
Glucose metabolism
Local CMRglc (LCMRg1c; f-lmolllOOg/min) values were determined using the 2DG method (Sokoloff et aI., 1977) . For animals studied immediately following trauma, 2DG (150 f-lCilkg i. v.) was slowly administered beginning 30 s prior to the initiation of the F-P pulse. In those animals studied at 6 h following injury, rats were allowed to re cover from anesthesia for at least 3 h before injection of 2DG. Coronal (20 f-lm) frozen sections were processed for thionine and hematoxylin-eosin histology with adjacent sections being processed for autoradiography together with calibrated [14C]-methacrylate standards. For quanti-fication of the autoradiography, optical density was mea sured in nine regions of the brain bilaterally using a com puterized image analysis system (JAVA; Jandel Scien tific).
To determine the physiological state of the animals at the time of the study, a final blood sample was taken just prior to euthanasia. Blood gas (pH, P02, Pc02) measure ments were made with a gas analyzer (1304 pH/Blood Gas Analyzer; Instrumentation Laboratory) and were found to be within the normal range (see Table I ).
Data analysis
Metabolic rates were compared for each time point af ter injury between each group by means of a one-way analysis of variance; post hoc comparisons used the Fisher PLSD test. For physiological variables, an analy sis of variance was also employed, with all comparisons requiring a p value of 0.05 to be considered statistically significant.
RESULTS
Acute neurological evaluation
The F-P injury resulted in five deaths, and three animals had to be excluded from the study due to respiratory complications. In addition, five kainic acid-injected rats were excluded since, upon histo logical evaluation, there was little or no evidence of CA3 loss. For the remaining injured animals, the severity of the insult was quite uniform across all animals as defined by the degree of apnea (12.9-19.9 s) and the period of unconsciousness (55.0-95.0 s).
Histopathology
Histological inspection confirmed that the needle track was positioned in the anterior horn of the lat eral ventricle. In animals that received kainic acid injections, severe cell loss was evident in the hip pocampal CA3 pyramidal cell region ipsilateral to the injection. No overt damage was seen in the CAl or dentate region, and there was no damage detect able in the contralateral CA3 region. However, in five rats that received kainic acid injections, the ipsilateral CA3 did not exhibit any cell loss, and they were dropped from the study. Finally, the F-P itself did not result in any trauma-induced morpho logical damage. Underlying white matter was unaf fected and there was no evidence of hemorrhage or necrotic tissue formation (see Fig. 1 ).
Glucose metabolism immediately after injury
Within the sham-injured groups, there was no ef fect of kainic acid on the rate of glucose metabolism for any of the structures measured (see Table 2 ). Only those animals that were subjected to injury showed any evidence of metabolic disruption. For example, immediately following injury, both the ce rebral cortex and the underlying hippocampus ipsi lateral to the side of injury exhibited a marked in crease in LCMR g lc• With regard to the cerebral cor tex, there was virtually no difference between animals that had received kainic acid or vehicle in jection. In both of these groups, the mean increase in LCMR g lc following trauma ranged from 29.4 to 34.8%, resulting in a significant increase compared with controls (vehicle: p < 0.01; kainic acid: frontal cortex, p < 0.05, parietal cortex, p < 0.01) (see Table 2 and Figs. 2 and 3) .
The dorsal hippocampus also had increased LCMR g lc immediately following F-P, exhibiting a significant increase of 81.5% for the CAl region [F(3.2]) = 99.522; P < 0.0001], with a 56.3% increase within the stratum lacunosum-moleculare and radi atum [F(3,21) = 34.971; P < 0.0001]. Finally, the CA3 region also exhibited a marked increase in LCMR g lc following injury, reaching 106.8% above normal [F(3.21) = 33.576; P < 0.0001]. However, unlike the cerebral cortex, in animals that had re- Group la, immediately following sham injury after intraventricular injection of vehicle; Group Ib, immediately following sham injury after intraventricular injection of kainic acid; Group Ie, immediately following injury after intraventricular injection of vehicle; Group Id, immediately following injury after intraventricular injection of kainic acid. Group lIa, 6 h following sham injury after intraventricular injection of vehicle; Group lIb, 6 h following sham injury after intraventricular injection of kainic acid; Group lIc, 6 h following injury after intraventricular injection of vehicle; Group IId, 6 h following injury after intraventricular injection of kainic acid. nine-stained sections through the dor sal hippocampus following a lateral (left) fluid-percussion (F-P) injury from animals that were previously injected intraventricularly with either vehicle (top) or kainic acid (bottom). Note the extensive cell death seen in the CA3 region of the hippocampus in the ani mal that received the kainic acid injec tion and that. by itself. the F-P did not produce gross morphological dam age.
ceived kainic acid 5 days prior to F-P, the CAl re gion of the hippocampus did not exhibit an increase in LCMR g lc (see Table 2 and Figs. 2 and 3).
Of the remaining structures studied, only the en torhinal cortex showed evidence of metabolic changes immediately following injury. This was re stricted to the cortex contralateral to the site of F-P and represented a 24.2% increase in LCMR g lc com pared with sham controls [F(3,21) = 5.857; P < 0.0045]. Since this region of increased metabolism was in direct line with and opposite to the site of the F-P, it most likely sustained some trauma.
Glucose metabolism 6 h after injury
For sham-operated animals, there was no effect on LCMR g lc that could be attributed to the kainic acid injection, with the exception of the CA3 region of the dorsal hippocampus ipsilateral to the injec tion, which exhibited a significant 31.9% increase as compared with controls [F(3.23) = 12.205; p < 0.0001]. This increase most likely reflects damage
Phosphate Buffer
Kainic Acid induced by kainic acid (Onodera et aI., 1988; Jor gensen et aI., 1990) .
For the injured animals, the cerebral cortex and the underlying hippocampus ipsilateral to the site of trauma exhibited a significant metabolic depres sion. For the cortex, this depression ranged any where from 10.6 to 17.7% below that of sham operated controls for both the frontal [F(3,23) = 5.662; p < 0.0047] and the parietal [F(3,23) = 5.749; p < 0.0044] cortex. This metabolic depression within the cerebral cortex was not affected by the injection of kainic acid (see Table 3 and Figs. 4 and 5).
Like the cerebral cortex, the dorsal hippocampus also exhibited a pronounced depression of glucose metabolism. Specifically, the CAl region showed a 17.9% decrease [F(3,23) = 4.638; P < 0.0112]; the stratum lacunosum-moleculare and radiatum of the CAl region showed a 14.8% decrease [F(3,23) = 3.648; p < 0.0275]; and the CA3 region showed a 20.2% decrease [F(3,23) = 12.205; P < 0.0001]. When these same regions were examined in animals that had received a kainic acid injection, the rates of metabolism were changed. In general, the CAl re gion, which was significantly depressed with an in tact CA3, exhibited a 12.5% reduction in LCMR g lc, which did not reach statistical significance (see Fig.  5 ). The striatum lacunosum-moleculare and radia tum still exhibited similar levels of depression (18.6%) of LCMR g lc [F(3,23) = 3.648; P < 0.0275], whereas the CA3 region showed a marked increase in LCMR g lc [F(3.23) = 12.205; P < 0.001], again pre sumably due to the damage by the kainic acid treat ment.
DISCUSSION
Calculation of glucose utilization
The current study utilized the 2DG technique to measure LCMR g lc soon following a F-P injury, so that the assumption of a biological steady state dur ing the experiment may have been violated. In the design of the acute experiments, the initiation of the 2DG injection began 30 s prior to the F-P injury. This timing was necessary since our aim was to measure glucose metabolism during the period of injury-induced K + flux, which begins immediately J Cereb Blood Flow Metab. Vol. 12, No.6, 1992 after the insult and lasts for < 10 min (Katayama et aI., 1990) . Even though the rationale for the timing of the injection may have been appropriate, the maintenance of a steady state, which is thought to be required for accurate measurement of LCMR g lc with the 2DG technique (Ginsberg and Reivich, 1979; Nakai et aI., 1988) , could have been altered due to a number of physiological changes in re sponse to concussion. In the current study, the most likely variables that could have affected the steady state of the brain include alterations in BBB permeability, direct morphological damage to the region of interest, and/or reductions in CBF to isch emic levels.
In previous work we have reported that in ani mals sustaining a F-P injury similar to that de scribed in the current study, there was no indication of change in BBB permeability as determined by the lack of extravasation of Evans Blue albumin (Yoshino et aI., 1991) . However, others have re ported that the BBB is compromised following F-P, using both Evans Blue albumin (McIntosh et aI., 1989) and immunocytochemistry ). In addition, unlike others who report morphological damage following F-P ( (left) fluid-percussion (F-P) or sham injury from animals that were previously injected intraventricularly with either vehicle or kainic acid. Note that in the animal receiving the vehicle injection, the F-P injury produced an increase of glucose metabolism within both the cerebral cortex and the ipsilateral hippocampus. In contrast, the animal receiving the kainic acid injection exhibited an increase in glucose metabolism immediately following F-P only within the cerebral cortex, with the ipsilateral hippocampus, particularly the CA1 region, being spared from the injury-induced hyperglycolysis.
ai., 1989), we have consistently reported the lack of cell death, hemorrhage, or development of contu sions (Katayama et aI., 1990; Hovda et aI., 1991b; Yoshino et aI., 1991; Kawamata et aI., 1992) . These BBB and morphological differences be- sham injury in animals that were previously injected intraventricularly with either kainic acid or vehicle. Note that kainic acid did not by itself alter LCMR g ,c; however, when followed by a F-P injury, it reduced the LCMR g ,c only within the hippocampus. Left, left side (site of injury); Right, right side (contralateral to site of injury); Dor. CAl' dorsal hippocampus of CAl; L.Mol. and Rad, stratum lacunosum-moleculare and radiatum of dorsal CAl hippocampus; Dor. CA3, dorsal hippocampus of CA3• Significance levels: ap < 0.05 and bp < 0.01 compared with Group lIa; 'p < 0.05 and dp < 0.01 compared with Group lIb; cp < 0.05 and fp < 0.01 compared with Group lIe. the animal to be positioned in a more "normal" physiological position. The effect of this modifica tion was recently reported in a comparative study (Thomas et aI., 1991) in which animals were injured at identical atmospheric pressures (varying from 2.8 to 7.5 atm) either with or without the extension tube modification. Only those animals injured in direct contact with the F-P device exhibited cell death, hemorrhages, and the formation of contusions. Consequently, previous studies that have utilized the traditional F-P design produced a more severe injury than that described in the current study.
Although we have assessed BBB permeability and the lack of histological change in our F-P model, we have yet to conduct CBF studies. Re duction of CBF can have a significant effect on the lumped constant when 2DG is used to determine glucose metabolism (Ginsberg and Reivich, 1979; Nakai et aI., 1988) . Two studies have reported that CBF is reduced following a more severe F-P injury than that conducted in the current study (Yuan et aI., 1988; Yamakami and McIntosh, 1989) . With use of the microsphere method, these studies reported that the injury-induced reduction in CBF lasts for -60 min, with levels in a few studies reaching 41 J Cereb Blood Flow Metab, Vol. 12, No.6, 1992 mllIOO g/min. Consequently, although CBF appears to be reduced during the acute period and could alter the measured LCMR g lc, even in a F-P more severe than that reported in the current study, CBF does not reach ischemic levels (Nedergaard et al., 1988) .
Previous work demonstrates that, at least for our purpose, the use of the 2DG method as in the cur rent study provides a reliable and valid measure of cerebral glucose utilization. First, although the cur rent study reports the increase of LCMR g lc imme diately after F-P injury, our previous work (Y oshino et al., 1991) indicates that in the cortex and hippocampus, this increase in LCMR g lc is still present if the 2DG is injected 30 min following the insult. Second, although the blocking of the EAA receptor appears to have no effect on CBF (Stevens and Yakash, 1990) , EAA antagonists prevent the increase in LCMR g lc typically seen following F-P injury (Kawamata et aI., 1992) . Finally, there is no significant change in the level of brain glucose fol lowing F-P injury (Yang et aI., 1985) . Taken to gether with the normal plasma levels of glucose measured in the current study and by others (Hayes et aI., 1988; Yoshino et aI., 1991; Kawamata et aI., -.- lli � .:
.
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A. Phosphate Buffer -Sham fluid-percussion (F-P) or sham injury from animals that were previously injected intraventricularly with either kainic acid or vehicle. Note that in the animal receiving the vehicle injection, the F-P injury produced a decrease of glucose metabolism within the ipsilateral cerebral cortex and the hippocampus. In the animals receiving the kainic acid injection, although a metabolic depression was still exhibited in the CA, region following F-P, it was not as marked.
1992), the lumped constant appears to be stable fol lowing F-P injury.
Hypermetabolism
The ionic flux seen following F-P injury increases the demand for energy in order for cells to activate 20 pumping mechanisms. The source for this injury induced energy demand has been proposed to be glycolysis (Andersen and Marmarou, 1989a,b) . This hypothesized selective increase in glycolysis ap pears to have spme support since following F-P in jury in the cat, oxidative metabolism appears to be stable as determined using arteriovenous differ ences (Yang et a1., 1985; U nterberg et a1., 1988; Andersen and Marmarou, 1989a,b) . In addition, at least during the first few hours following F -P injury, oxidative capacity is not altered in the rat using both in vitro (Vink et a1., 1990) and histochemical (Hovda et a1., 1991b) methods. In contrast, an in crease in glycolysis, during this acute postinjury pe riod, has been reported using arteriovenous differ ences (Andersen and Marmarou, 1989a,b) as well as 2DG autoragiography (Shah and West, 1983; Yoshino et a1., 1991; Kawamata et al., 1992) , result ing in an accumulation of extracellular lactate (Nils son et al., 1990; Hovda et al., 1991a) . Of particular importance to the current findings is that both the injury-induced increase of LCMR g lc (Kawamata et al., 1992) and the accumulation of lactate (Hovda et al., 1991a) can be markedly reduced with prior in situ administration of the EAA blocker kynurenic acid. The source of EAAs following brain injury has been suggested to be neuronal release (Katayama et al., 1990) as well as other sources including the breakdown of the BBB ). In the current study, immediately following F-P, the CAl region exhibits a marked increase in LCMR g lc• However, if the CA3 pyramidal cells are severely damaged (via kainic acid), the F-P-induced increase in LCMR g lc is virtually eliminated. This result complements our previous findings (Katayama et al., 1990; Yoshino et al., 1991; Kawa mata et al., 1992) , but, more importantly, it pro vides strong support for our conclusion that the source of the EAAs in this posttraumatic phenom enon is endogenous.
Alternative explanations of the results in the cur rent study include the question of injury severity and the possible nonspecific effects of kainic acid. With regard to injury severity, the injury sustained by the animals receiving the CA3 lesion may not have been as severe as in those with an intact hip pocampus. However, as is evident from the results, the overlying cerebral cortex of both intact and CA3-damaged animals exhibited equal levels of in creased glucose metabolism. This, in combination with the postinjury physiological measurements, in dicates that the degree of insult sustained by these two groups was very similar.
With regard to the possible nonspecific effects of kainic acid, this agent could have produced damage in both the CAl and the CA3 pyramidal cells. There fore, the reduction in LCMR g lc following injury with the CAl region could be due to cell loss. How ever, as illustrated in Results, the CAl region of animals receiving the kainic acid injection remained J Cereb Blood Flow Metab, Vol. 12, No.6, 1992 intact. Furthermore, kainic acid does not by itself affect the glucose metabolic rate in CAl (see Fig. 3 ), indicating that these cells are not only morphologi cally but functionally intact.
Finally, the intraventricular injection of kainic acid could have altered the flow of blood within the CAl region of the hippocampus. A reduction in blood flow could have masked any trauma-induced increase in LCMR g lc within the CAl region simply due to perfusion constraints. Although CBF was not directly measured in the current study, it would appear that the CAl region was not affected since in the noninjured kainic acid-injected animal, this re gion was not altered in LCMR g lc •
Hypometabolism
As reported in the current study, 6 h following a lateral F-P injury, the cerebral cortex and underly ing hippocampus ipsilateral to the site of insult ex hibited a marked decrease in LCMR g lc • This repli cates our previous work and agrees with several other studies exhibiting a dif fuse metabolic depression following cerebral isch emia (Kushner et al., 1984; Shiraishi et al., 1989) , cortical freezing lesions (Pappius, 1981 (Pappius, , 1982 (Pappius, , 1988 Papius and Wolfe, 1983; Colle et al., 1986) , and sen sorimotor cortex ablations (Feeney et a1., 1985) . Al though this metabolic diaschisis appears to be a rel atively common phenomenon following injury, the mechanisms behind its expression are not well un derstood.
One possible mechanism of this F-P-induced de crease in LCMR g lc is a long-term effect produced by the endogenous release of EAAs (e.g., glutamate). Although not producing cell death, the F-P injury may produce a level of ionic flux and metabolic dysfunction that, although sublethal, disrupts cellu lar processes for several days, rendering them vul nerable. An example of this state of an injury induced vulnerability has been reported: When a F-P brain injury is followed in 1 h by a sublethal level of ischemia, cells within the CAl region of the hippocampus that would normally survive either in sult independently now die (Jenkins et al., 1989) . Consequently, the hypometabolism beginning 6 h following F-P injury may be due to glutamate and/or glutamate-induced ionic fluxes.
Some support for this hypothesis is found in the current study where the F-P-induced metabolic de pression typically seen 6 h after trauma was less marked in animals that had previously sustained a kainic acid lesion of CA3. However, this effect did not reach statistical significance and more studies to test this hypothesis are called for.
